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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a nitride semiconductor device 
having such a structure that an electrode can be extracted mainly from the 
upper and lower parts, by bonding a conductive substrate to the face of a 
nitride semiconductor layer of a wafer which is an insulating substrate grown 
with the nitride semiconductor n-type layer and a p-type layer, and then 
removing a part or the whole part of the insulating substrate of the wafer. 
SOLUTION: On the neariy entire surface of a p^ype layer in the most upper 
layer of a nitride semiconductor layer 2, a first ohmtc electrode 30 which can 
come into a good ohmic contact with the p-^type layer is formed. On the 
surface of a p^ype GaAs substrate 50 as a conductive substrate, a second 
ohmic electrode 40 which is made of Au-Zn is formed, Next, a nitride 
s micondutor wafer having the first ohmic electrode 30, and the p-type 
GaAs substrate 50 having the second ohmic electrode 40, are laminated to 

ach other by the ohmic electrodes and are heated to be bonded. 
Thereafter, the wafer bonded with the p-type GaAs substrate 50 is set in a 
polisher, and then a sapphire substrate 1 is lapped to remove the sapphire 
substrate and expose an n-type layer 21 of the nitride semiconductor layer 
2. 
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^ * NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original pr cisely. 

2. shows the word which can not be translated. 
3.1n the drawings, any words ar not translat d. 



CLAIMS 
[Claim(s)] 

[Claim 1] The manufacture method of the nitride semiconductor device characterized by to have the first process which 
past s up a conductive substrate on the nitride semiconductor stratification plane of the wafer with which n type layer which 
c nsists of a nitride semiconductor and p type layer grew, and the second process at which a part or all of the insulating 
substrate of the aforementioned wafer is removed, and the aforementioned n type layer is exposed after conductive 
substrate adhesion on an insulating substrate. 

[Claim 2] the layer in which current cannot spread [ the aforementioned p type layer ] easily — it is — the aforementioned n 
type layer — low — the manufacture method of the nitride semiconductor device according to claim 1 characterized by 
b ing n type layer [ **** ] 

[Claim 3] The manufacture method of the claim 1 characterized by pasting up a nitride semiconductor stratification plan and 
a conductive substrate through an electrode or a conductive material in the first process of the above, or a nitride 
s miconductor device given in two. 

[Claim 4] The manufacture method of the nitride semiconductor device according to claim 3 characterized by including the 
ohmic electrode formed in the ohmic electrode and/or the conductive substrate front face on which the aforementioned 
electrode was formed in the nitride semiconductor stratification plane. 

[Claim 5] The manufacture method of a nitride semiconductor device according to claim 1 to 4 that the aforementioned 
nitride semiconductor stratification plane is characterized by being the aforementioned p type layer. 

[Claim 6] A conductive substrate and the nitride semiconductor device which a nitride semiconductor comes to paste up on 
it and is characterized by the best layer of this nitride semiconductor being n type layer. 

[Claim 7] The nitride semiconductor device according to claim 6 to which the aforementioned nitride semiconductor is 
characterized by having p type layer. 

[Claim 8] The claim 6 to which the nitride semiconductor stratification plane which the aforementioned nitride semiconductor 
and the aforementioned conductive substrate paste up is characterized by being the aforementioned p type layer, or a nitride 
semiconductor device given in seven. 

[Claim 9] The nitride semiconductor device according to claim 6 to 8 to which the aforementioned nitride semiconductor and 
the aforementioned conductive substrate are characterized by having pasted up through an electrode and/or a conductive 
material. 

[Claim 10] The nitride semiconductor device according to claim 9 characterized by the aforementioned electrode containing 
the ohmic electrode formed in the ohmic electrode and/or the conductive substrate front face which were formed in th 
nitride semiconductor front face. 

[Claim 1 1] The nitride semiconductor device according to claim 9 or 10 to which the nitride semiconductor stratification 
plane which pastes up the aforementioned conductive substrate is the aforementioned p type layer, and the aforementioned 
electrode and/or conductive material are characterized by the thing of p type layer currently mostly formed in the whole 
surfac . 

[Claim 12] The light emitting device which is a light emitting device using the nitride semiconductor which the conductive 
substrate according to claim 6 to 11 pasted up, and a partial electrode is prepared in n type layer of the aforementioned b st 
lay r. and is characterized by the bird clapper. 

[Claim 13] The light emitting device which is a light emitting device using the nitride semiconductor which the conductive 
substrate according to claim 9 to 1 1 pasted up. or a light emitting device according to claim 12, and is characterized by th 
ability of the aforementioned electrode and/or a conductive material to reflect the luminescence wavelength of a nitrid 
s miconductor. 

[Translation done.] 
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DETAILED DESCRIPTION 



[D tailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the element which consists of a nitride semiconductor (InXAlYGa1-X-YN 0 
^-X, U<-Y. X+Y<=1) used for lightrreceiving devices, such as luminescence devices, such as light emitting diode and laser 
diode, or a photodiode. 
[0002] 

[Description of the Prior Art] Since a nitride semiconductor has the bandgap energy to 1.9eV - 6.0eV it is observed as 
various objects for semiconductor devices, such as a light emitting device and a photo detector, and blue Light Emitting 
rnnnoi"!^'"^ material and the bluish green color Ught Emitting Diode were just put in practical use recently 
L0003J Generally a nitride semiconductor device is obtained using vapor growths, such as MBE and MOVPE by canving out 
.aminating growtn of the nitride semiconductor which specified the conductivity type to n type, p type or i type on the 
substrate. Although rt is known that conductive substrates, such as silicon carbide besides insulating substrates such as 
sapphire, a spinel, a lithium niobate. and gallium acid neodium. silicon, a zinc oxide, and gallium arsenide, can be used for a 
substrate The substrate which carries out grid adjustment completely with a nitride semiconductor is not yet developed but 
the blue which now grew up the nitride semiconductor layer compulsorily on the sapphire with which lattice constants differ 
10% or more, and the bluish green color Ught Emitting Diode element are put in practical use 

W004] Drawing 6 is the typical cross section showing the structure of the conventional blue Ught Emitting Diode element. 
I h conventional Light Emitting Diode element has terrorism structure to the double by which the laminating of n type layer 
62 and the barrier layer 63 which consist of a nitride semiconductor on silicon on sapphire 61 fundamentally, and the p typ 
layer 64 was earned out to order. As mentioned above, since sapphire is insulation and cannot take out an electrode from a 
substrate side, it considers as the so-called element of the flip chip method with which the positive electrode 65 and th 
negative electrode 66 were formed in the same nitride semiconductor laver front facm 
LUOOSJ 

[Problem(s) to be Solved by the Invention] However, there are many troubles in the element of the conventional flip chip 
method which uses sapphire as a substrate. Probably, in order to take out both electrodes fi-om the same side side in the 
tirst place, a chip size becomes large and much chips are not obtained from a wafer by it Since the negative electrode and 
th positive electrode are horizontally located in a line, cun-ent flows horizontally, as a result, current density becomes high 
locally and a chip generates heat [ second]. Since a substrate which is called sapphire and which is very hard and does not 
have cl avage nature is used [ third ], advanced technology is needed for chip-izing. Since the cleavage plane of a nitride 
semiconductor which used the cleavage nature of a substrate is not made with a resonance side in case it is fiirtheanore 
going to realize LD. formation of a resonance side is very difficult 

[0OO6] Although the attempt which grows a nitride semiconductor as mentioned above on conductive substrates such as 
sHicon carbide, silicon, a zinc oxide, gallium arsenide, and gallium phosphorus, is also accomplished in order to avoid the 
abov problems, the report of having still succeeded is not carried out 

W007] Therefore, this invention is accomplished in view of such a situation, and the place made into the purpose is to off r 

manufacture method of the nitride semiconductor device which has the stnjcture which can take out an electrode mainly 
trom the upper and lower sides, and a nitride semiconductor device 
[0008] 

[M ans for Solving the Problem] The manufacture method of the nitride semiconductor device of this invention is 
charactenzed by to have the first process which pastes up a conductive substrate on the nitride semiconductor stratification 
plan of the wafer with which n type layer which consists of a nitride semiconductor, and p type layer grew, and the second 
proc ss at which a part or all of the insulating substrate of the aforementioned wafer is removed, and the aforementioned n 
type layer is exposed after conductive substrate adhesion on an insulating substrate. Moreover, with a conductive substrate 
a nitnd semiconductor comes to paste up on it and the nitride semiconductor device of this invention is characterized by ' 
the b St layer of this nitnde semiconductor being n type layer 

[0009] In the method of this invention, sapphire, a spinel, a lithium niobate. gallium acid neodium. etc. are used for an 
insulating substrate as mentioned above, and sapphire and the nitride semiconductor which grew on the spinel are preferably 
excellent in crystellinity. On the other hand, if it is the substrate material which has conductivity, what thing may be used for 
exampi Si, SiC, GaAs. GaP and InP. ZnSe, ZnS. ZnO. etc. can be used for the conductive substrate pasted up on a nitride 
semiconductor. However, a conductive substrate cannot be overemphasized by choosing the substrate of the shape of a 
water which has th almost sam c nfiguration as th insulating substrate to which th laminating of th nitnde 
semic nductor was earned out and has a bigger area than th further almost sam ar a or it 

[0010] On the other hand, in order to remove the insulating substrate of the wafer with which the laminating of the nitride 
semiconductor layer was cam d out technology, such as polish and etching, is used. Usually, there is hundr ds of 
micromet rs thickness of an insulating substrat , since a nitride semiconductor layer is 20 micrometers or less even if thick, 
in cas polish r mov s a substrate, when it is hard to control ******. a rough portion may b removed by polish at first a 
fin portion may be remov d by etching after that and th nitride semiconductor sid needed for fonning an electrode may 
be exposed. Moreover, when producing the element which us s an insulator as a cun-ent constriction lay r and needs it for a 
nitnde semiconductor lay r fr nt fac . for xampie like a laser lement it is also possibi to remove nly a portion requir d 
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to xpose a nitride semiconductor layer by selective etching, without r moving all insulating substrat s. 
[0011] Furthermore, the conductiv substrate pasted up on a nitride semiconductor layer in the method and element of this 
invention is characterized by having cleavage nature. QaAs, GaP, InP, SiC, etc. can be preferably used for the conductive 
substrate which has this cleavage nature. 

[001 2] Next, the method and elem nt of this invention are characterized by pasting up a nitride semiconductor stratification 
plane and a conductive substrate thr ugh an electrode or a conductiv material. Even if this method uses the substrat 
which has cleavage nature in a conductive substrate, it is applicabi similariy. Although the so-called technique of the wafer 
adh sion which carries out thermocompression bonding may be used f r it aft r making these mirror planes rival in the 
m thod of pasting up by making the adhesion sid and nitride semic nductor stratiftcati n plane of a conductive substrat 
into a mirror plane, it can paste up easily by minding an electrode or a conductiv material. If conductiv material is a nitride 
semiconductor and the material which can paste up a conductive substrate, what thing is sufRcient as them, for exampi , 
they can use material, such as In, Au. a pewter, and a silver paste. 

[0013] Moreover, in the aforementioned adhesion technique, it is characterized by an electrode containing the ohmic 
el ctrode formed in the ohmic electrode and/or the conductive substrate front face which were formed in the nitride 
semiconductor layer front face. In addition, with an ohmic electrode, it is defined as an ohmic electrode on these 
specifications including metals, such as the metal for thick adhesion of the thickness attached on the thin ohmic electrode 
and lectrode of the thickness generally formed in a nitride semiconductor front face, for example. Au. In, aluminum, tc. As 
an ohmic electrode material formed in a nitride semiconductor layer front face, if n type layer is an adhesion side, a kind of 
mat rial of aluminum, CKs), Ti. and In(s) which were shown in JP.5-291621,A. the electrode which made Ti especially the 
side which touches n type layer preferably, and the material containing Ti-aluminum shown in JP,7-'45867,A can be 
mentioned at least. Moreover, if an adhesion side is p type layer, a kind of material of Au(s), Pt(s), Ag, and nickel which wer 
similariy shown in JP.5'-291621.A. and the electrode which made nickel especially the side which touches p type layer 
pr ferably can be mentioned at least. 

[0014] A nitride semiconductor is performed, in order for p type layer to be hard to be obtained and to obtain p type lay r, 
for xample, after electron beam irradiation which is indicated by JP.3-218625.A, and thenmal annealing processing which is 
indicated by JP,5-183189.A growing, and p type layer on the front face of the maximum is formed into low resistance. For 
this reason, as for the nitride semiconductor wafer, the best layer is p type layer in many cases. Then, in case this nitrid 
s miconductor wafer and a conductive substrate are pasted up. especially the thing for which a conductive p type substrate 
is pasted up through the ohmic electrode formed in p type layer is desirable. 

[0015] On the other hand, if for example, a conductive substrate is n type GaAs as an ohmic electrode already fomned in th 
conductive substrate of one of the two's adhesion side. Ag-Sn, In-Sn, nickel-Sn, Au-Sn, Au-Si, Au-germanium, etc. can b 
us d, and if it is p type GaAs, Au-Zn. Ag-Zn, Ag-In, etc. can be used. In addition, although an ohmic electrode material w II- 
known also about SiO and Si can be used, especially the thing for which a conductive p type substrate is pasted up through 
the ohmic electrode of the conductive substrate as mentioned above is desirable. 
[0016] 

[Function] With the method and element of this invention, the conductive substrate is pasted up on the nitride 
s miconductor layer. That is, although the various elements from which a nitride semiconductor is obtained from a nitride 
s miconductor with the wafer which grew on the insulating substrate cannot but serve as flip chip form, they serve as a 
substrate in which a conductive substrate forms an electrode by pasting up a conductive substrate on the nitride 
semiconductor layer of the wafer best layer. Then, since a nitride semiconductor layer will be exposed if an insulating 
substrate is removed, another electrode can be formed in the exposed nitride semiconductor stratification plane, and not th 
element with which an electrode like before was horizontally located in a line but the element which the mutual electrode 
countered can be produced. 

[001 7] Next, if the material which has cleavage nature in the conductive substrate to paste up is chosen, the nitride 
s miconductor which grew on the insulating substrate without cleavage nature can also divide in the shape of a chip using 
th cleavage nature of the pasted-up conductive substrate. For this reason, the small element of a chip size becomes is 
easy to be obtained, and the laser element which makes the cleavage plane of a nitride semiconductor an optical resonanc 
side further can be produced now. 

[0018] moreover, although there is also the method of a nitride semiconductor stratification plane and a conductive substrate 
b ing the technology generally called wafer adhesion, and pasting up. it is desirable in order to also stabilize the electrical 
prop rty between a conductive substrate and a nitride semiconductor layer, if it pastes up through the electrode of a nitride 
semiconductor layer, the electrode of a conductive substrate, or a conductive material especially When choosing the material 
which can furthenmore reflect the luminescence wavelength of nitride semiconductors, such as Au, aluminum, and Ag. as this 
conductive material and a light emitting device is produced, the light which comes to the conductive substrate which such 
conductive material pasted up is reflected, and since there Is an operation returned to a nitride semiconductor layer sid , the 
luminous efficiency of a light emitting device improves. 

[0019] If the ohmic electrode formed in the ohmic electrode and/or the conductive substrate front face which were formed 
in the nitride semiconductor layer front face especially as a charge of a binder is included, when a luminescence devic iik a 
light mitting device will be produced, for example, resistance becomes low and there is an operation which reduces Vf of a 
d vice. 
[0020] 

[Exampi ] Hereafter, this invention is xplained in full detail in the example. Drawing 1 or drawing 3 is a waf r explaining on 
process f th m thod of this invention, and th typical cross section of a conductiv substrate, and drawing 4 is th typical 
or ss section showing the structure of the nitride semiconductor light emitting devic obtained according to th exampi 1 , 
and describes an xample 1 b low bas d n th se drawings. 

[0021] Th nitride semiconductor lay r 2 prepar s f r the front face f [ xampi 1] silicon n sapphir 1 the wafer by which 
the laminating was cam d out In additi n, the nitride semiconductor layer 2 has terrorism structure to the double which has 
at I ast n type layer 21 which consists of AIXGal-XN (0<=X<=1) by which the donor impurity was dop d sequ ntially from 
silic n on sapphire 1, the barri r layer 22 which consists of InYGal-YN (0< Y<1), and p typ layer 23 which consists of 
AiXGal-XN (0<=X<=1) by which accept r impurity was doped. In addition, p typ layer 23 of the b st layer is f rm d into low 
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resistance by annealing 400 degrees C or more. 

[0022] Next as shown in drawing 1 . the ohmic electrode 30 of th front face f th nitride s miconductor lay r 2 which 
contains nickel and Au on the whole surface is mostly fonned by 500A thickness. That is. the first ohmic lectrode 30 from 
which as desirable on the whole surface OMIKKU of p type lay r of the best layer of the nitride semiconduct r layer 2 as p 
type layer is obtained mostly is fonmed. in order are furthermore alike on the ohmic electrode 3D and to improve an adh siv 
property. 0.1 micrometers of Au thin films are formed 

[0023] The p type GaAs substrate 50 which, on the other hand, has the almost same size as silicon on sapphir 1 as a 
conductive substrate is prepared, and the second ohmic electrode 40 which c nsists of Au-Zn is formed in the front face of 
this p type GaAs substrate 50 by 500A thickness. In order to improve an adhesive property on the second ohmic lectrode 
40 furthermore. 0.1 micromet rs of Au thin films are formed. 

[0024] Next the ohmic electrodes of the nitride semiconductor wafer which has the first ohmic electrode 30 as shown in 
drawing 2 . and the p type GaAs substrate 50 which has the second ohmic electrode 40 are stuck by pressure by lamination 
and heating. However, it is made to become parallel [ the silicon on sapphire 1 of a wafer, and the p type GaAs substrat 50 ] 
at the time of sticking by pressure. It is because the level surface of the nitride semiconductor layer exposed does not come 
out in the process which removes the following silicon on sapphire unless it is parallel. Moreover, although Au was used in 
order to paste up the first ohmic electrode 30 and the second ohmic electrode 40. it is also possible to paste up through 
conductive material, such as an indium, tin. a pewter, and a silver paste, among electrodes 30 and 40. In addition, in case the 
p type GaAs substrate 50 is pasted up, doubling the direction of a cleavage with a substrate 50 with the cleavage nature of a 
nitride semiconductor layer, arid having pasted up cannot be overemphasized. 

[0025] Next the wafer on which the p type GaAs substrate 50 was pasted up is installed in the burnisher, silicon on sapphir 
1 IS wrapped, silicon on sapphire is removed, and n type layer 21 of the nitride semiconductor layer 2 is exposed. In addition, 
after wrapping silicon on sapphire 1 so that the thickness of about several micrometers may remain, it is [ in / this process '] 
also possible to remove the silicon on sapphire which remained further by etching. The structure of the wafer after silicon- 
on-sapphire 1 removal is shown in drawing 3 . 

[0026] n type layer after polishing the front face of n type layer 21 exposed at the end — ohmic one — the negative 
el ctrode 25 which consists of Ti-aluminum as an electrode of business is formed, and the positive electrode 55 which 
consists of Au-Zn as ah ohmic electrode as well as the p type GaAs substrate 50 on the other hand is formed in the whole 
surface 

[0027] The wafer with which the positive electrode and the negative electrode were formed as mentioned above is divid d 
into the luminescence chip of 200-micrometer angle using the cleavage nature of a p type GaAs substrate. The typical cross 
section showing the structure of the luminescence chip after separation is shown in drawing 4 . By energizing between an 
el ctrode 25 and 55, this luminescence chip shows the structure of a Light Emitting Diode element where a barrier layer 22 
^!!!-!f- ''^^ reflected by the inteH'ace of the first ohmic electrode 30 and p type layer 23 and. as for this light 

G...;tt;r.g device, luminescerioe of a barrier layer 22 was not absorbed by the p type GaAs substrate 50, compared with the 
conventional light emitting device, the radiant power output increased 50% or more. 

[0028] Moreover, although sapphire and the conductive substrate explained p type GaAs, they may use an insulating 
substrate like a spinel and neodium gallate described above besides sapphire to the insulating substrate, for example, and as 
for this example, an insulating substrate may use a substrate like Si and ZnO for a conductive substrate. 
[0029] In case silicon on sapphire 1 is wrapped in the [example 2] example 1. it wraps so that it may remain by the thickness 
whose silicon on sapphire 1 is 5 micrometers. Next the mask of the configuration which can form a current constriction layer 
in th front face of the silicon on sapphire 1 which remained is formed, etching removes the silicon on sapphire 1 of mask 
opening by the etching system, and a part of n type layer 21 is exposed A positive electrode 55 is formed in n type lay r lik 
th exposure back at a negative electrode 25 and the p type GaAs substrate 50. 

[0030] Next using the cleavage nature of the p type GaAs substrate 50. it dissociates in the shape of a chip, and considers 
as a laser element Drawing 5 is the typical cross section showing the structure of the laser element and the silicon on 
sapphire 1 which it left intentionally is acting as a current constriction layer of a laser element Although this example 
showed the example which leaves silicon on sapphire as a current constriction layer, in addition after it all removes silicon on 
sapphire 1 like an example 1 to form the cun-ent constriction layer of a laser element you may fomi it on the nitride 
s miconductor layer which exposed an insulator layer like Si02 and Ti02, for example 
[0031] 

[Effect of the Invention] Since the nitride semiconductor device which has a conductive substrate is realizable according to 
th m thod of this invention as explained above, the small element of a chip size can be offered. Moreover, since the 
electrodes formed in the element have countered, current flows uniformly in a nitride semiconductor layer, calorific value 
b com s small and it also becomes possible to realize a laser element The cleavage of a nitride semiconductor becom s 
possible still more easily, and since the cleavage plane is made with a resonator, production of a laser element becomes 

asy. If a luminescence device is realized further again, since luminescence of a nitride semiconductor layer will be reflected 
on an lectrode front face by the electrode which pasted up the nitride semiconductor layer and the conductive substrate, a 
radiant power output can also be increased. 

[0032] As the conventional nitride semiconductor Ught Emitting Diode was shown in drawing 6 . the positive electrode 65 of 
the front fece of p type layer 64 which penetrates light was mostly formed in the whole suri=ace. This is because the current 
of p type layer cannot spread easily. 50% or more of the light which emits light by this positive electrode 65 was absorbed, 
r ^IL^^"^* ^^^^^'^^'"^ ^® element of this inv ntion. it is shown in drawing 4 and drawing 5 — as — I w — since n type lay r 
[ ++++ ] 21 turns into the b st layer, it becomes unnecessary to pr pare a whole surfac el ctrode like b fore, and is good at 
a small partial I ctrod Th refore. the jection fficiency of th light from a nitrid semiconductor layer sid improves by 
I aps and bounds, and a radiant pow r utput improves. Thus, wh n this inv ntion realizes the devic which used the nitride 
s miconductor. the utility valu n industry is v ry large. 

[Translation don .] ^^"==================================^^=^=^ 
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DESCRIPTION OF DRAWINGS ~ " 

[Brief Description of the Drawings] 

[Drawing 1] The type section view of the nitride semiconductor wafer explaining one process of the method of this inventioa 
[Drawing 2] The type section view of the nitride semiconductor wafer explaining one process of the method of this invention. 
[Drawing 3] The type section view of the nitnde semiconductor wafer explaining one process of the method of this, invention. 
[Drawing 4] The type section view showing the structure of the nitride semiconductor device concerning one example of this 
invention. . 

[Drawing 5] The type section view showing the structure of the nitride semiconductor device concerning other examples of 
this invention. 

[Drawing 6] The type section view showing the structure of the conventional nitride semiconductor light emitting device. 
[Description of Notations] 

1 .... Silicon on sapphire 

2 .... Nitride semiconductor layer 

21 .... n type layer 

22 .... Barrier layer 

23 .... p type layer 

30 .... First ohmic electrode 
40 .... Second ohmic electrode 
50 .... p type GaAs substrate 
25 .... Negative electrode 
55 .... Positive electrode 
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W6?)twfiK«$-&/c*fe, #^feLED*^7iS^ffl^b$n 

[0 0 0 4] E16(i|^5feCD#feLED*^(D«3t§r*-f- 

1^ 7 r W rs« 6 1 ^ Jiic^<t:«b^*#: J; »7 «j 5 n 
6 2 tfiHtWe 3 i:.pl{Jg6 4i:*s«SiwSfJl$>i.fc^:?' 

[0 0 0 5] 

I«?B!6J«|»tL.J:5 4:-1-SSSaai U;6»b;5:*s?>. f-^T- 
[0006] Et±© i 5 J&raaSrHijgi-Sfc*, ifBO 

ipi^^-fb-^r^^, ixya:/. m^tm.§B. ;yy^>Aflt 
Sl^ y ^> A y v^<^W«H4a«W-h{'^-fki^i|^»{*Sr 
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[0 0 0 7] ^eoT*«5^»4w<^j;5?i»1fS:ffii5^^$ 
[0 0 0 8] 

^offijt:^i*tt. iteigktts«c^jiic. mm^mm^h 
^m»mm^mmEmii:^m-rzm-<oxmt. mm 

^SB SrK5* L-CSftlE n Sr^m $-^5 m-<!OlS t ?r 
10 0 0 91 *BI^(?>:trfe{c*3v>T. iteigkttSSlwtiStF 

<'5-T?t^<> m^LtiS ivSiC, GaAs.GaP. 
InP, ZnSe. ZnS. Z n O^SrfflV^S i t ^Jt? 

lo o 1 01 mm^mi^mi>mm^i^it^'>^- 

^'fb'feiti*«:SliJ¥<-Ct>2 0MmKTT-*>5© 

[0 0 1 ii ^i:>\z.imm<r>-)j^-Bt.nm=^\ci&\i^x. ^ 

M^fiGaAs^ GaP, In P. SiC^Sriff4U< 
[0 0 12] 0cir*^ig(^irfext/«^tt^fl:fei#^{|c 
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10 [0 0 13] ifcMiSS|ii#j£»;::*5VNT. ««iH^-(t:fe 
«<4S«*BDtcjgfig $Jvfc:j-- 5 y Sr^tf ^ t Sr 

tftRJ^ff#MJP5 - 2 9 1 6 2 1 -f-^ii^tJl^StlfciA 
20 UCr.Ti, I n<OrtC»iJ>;fc< i: a(7)*i-M, # 

i^M^7-4 5 8 6 7-§-4i:#fC^$ixfcT i -A 1 

jxtfiIIC<#H¥5-2 9 1 6 2 1 -S-^Kt^l^l^^tvfcA 
u, P t. Ag, N i(Dff^<D<p-fS:< t h—m(Oi^n. # 

[0 0 14] S^k%^^ft:|4pM®*s»f>n<C< <. p 

mm^n^tzibm:^t£i^mw-3-2 i 8 6 2 5-§-^«{c: 

30 BB^^tt^. J; 5 'Sm^MfiSSt. ^fci^ggqzs - l 8 3 i 

8 9 -§^«»c5a^ J: 5 *fHiwr =— y i^^'jaais 

«mi4S«Sr»«i-5ISilfc»4, plUHtc?gfig$*tfc:i— 
[0 0 151 1 5iir*«>««E®^Si4^{c?^ 

40 G a A s XhiXtt, Ag-Sn, In-Sn. Ni-S 
Au — Sn» Au — Si» Au — G e^SrfflV^^r. 
i:*S-e#. pS»GaAs-efeHli. Au-Zn. Ag- 
Zn, Ag- I ii^SrfflV^5Ci:dS-e#5„ ^-^teS i 

5. r J: *sx-§ 5.*s|ftlE<o J; ? jc: pS(0^atta&RS:^<^ 
[0 0 16] 

50 S<4S«Sr««FbTV^5, o^O. ^'fb'^ils^^*^*?^^ 
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[00171 m^mm-ri>m^m\^mi\^mm^(oi>iu lo 

[0 0 1 8 1 -^tc^^mi^i^mitimmtmm^^^tti.- 

9M. xttmmmfmr-kvxmm-riftm^fm^t 20 

*L.v\ ^p>ic:z<Dmmmtnti.xAu. au Ag 

[0019] UT. mm^m-^m^m 

[0 0 2 0 1 

[002 1 ] imMmi'\ ■^yr^TW&Ko^mKm. 40 

^'fbfe¥-^ft:S 2 ^±i^7 r -f T£« 1 Ti^CjJSJw K^-^ 
*fi«I*S K— r SJtfcA 1 XG a 1-XN (O^X^l) it) 
*'5nS^2 1i:, InYGal-YN (0<Y<1) J; •? 
'i5Stt«2 2i:, T^'t^^-^mot^V—^^ix.f:. 
AlXGal-XN (O^X^l) i 0 'tS pS^ 2 3 t S: 

10 0 2 2 1 mz.m 1 td^i-i 5 Jw^-fk^fei^^flEg 2<D 
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0S:?^^1-5= $ 5 y^m^S 0W±lwt;i 

««14S:&<i-5/cJ6JrAut$M?S:0. l/xmjg^i- 

10 0 2 31 i»«ttS«i:bt:, 1^7r'fTS« 

SL. iropMG a A sS«5 Oro^StCAu-Zn.t 
t)/j:-5^i:<0:t— 5 5':i'fl;^4 0S:5 0 0:^>if:^ ho 

®4 0WJ:«c®lFttS:S<-r5fc«)t::Au?¥]KS:0. 1 

[0 0 24]J9:(C, m2\:i7Frri:.o\Zim-'<n>-!i—%vif 
«ffi3 0Sr^i-5S'^bl|&iN^{*>?=^'-^^^:. iEZ<75:t- 
5 ^^^^4 0 Sr*i-5 p MG a A s Stg5 0 i(7):t— 

U £E«P^'>3i— >'^©1^7rWr3&Kl tpMGaAs 
S«5 0i:r±5F^Tt*5J:5fci-5. 

•^yr4TW&^^^-r^Tmz.flS\,^X. Stt5^^^5^ 

^-$s/^'mffi3 O tHZKO:^— 5 5^^'m«4 0i^Sr« 
3BFi-Sfc«>t::AuSr^ffiU/S:;6^ r co<tfe«® 3 0 i 4 O 
i:(Orair-ri'i>^?A. /^-y, h^cO^S 
^4*i•ipl•S:^^L-c^^i-5::l^:^>"Itg-c?fe5. ^j:*5pMG 

a A s *K 5 0 ■%:is^m-r^m\z.mMi^w-mo>mfik^ 
mi5ot<Dfim:>fj^i:'^t>^x:mmvxh^zt 

10 0 251 ^^tCpSGa As*«5 O SrSl«L3t!?c= 

<?3nl!M2 1 5:etii$-lt5» ?i*5:lCOXg^c:*5V^T. M 
;t«f-7r-<TSffii ^mninmm<r>m^7imi>i:otc 

« 1 5? a: — wISitSrE 3 fdS^-To 

[0 0 2 61 *^t;igtiSbfcnMS2 IW^MiSr^Ky 

A 1 i:t)^CS*ttffi2 S^Jg^L, — :^pSGa A 
«5 0imPC<:t-5 i/i^^m^i: UTAu-Zn 
?i 5 jEm® 5 5 Sr^ffi 5 o 

[0 0 2 71 Jet±©i9»::LTE«®*5j:U5^S^;^?g 
fig^ttfc^^oiw^S:, pSGa AsS«<0^gattSr?lJffl 
UT2 0 0MniA<^^5t^5':7'»-^«-r5o 

?t^5/^ofiiji-s:^i-«^eti?fe»fffiisi=^04tc/i%-r, - 

0. S14S2 2*SM3fe-r5LED^^<0«3gSr/T%L-CVN 
5o r <0^3t*^tt:S<4M 2 2 OM^iS5^-<Z):i— 5 y 
^©S3 0 t pSM2 3 ^:0#ST-Slt$a^. pSGa 
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m'f-icit-<x^^mM^ 5 0 %sx±m± ufco 

[0 0 2 81 titZ<oMmmmm&ii'9-yr-fT^ m 
trn^t)^ p SG a A s (roi>-riK|^ mSkUm 

[0 0 2 91 [Iiife0ij2] ll^s^59l^;li3v^Ti^7r-^T 

2 5i:pSGaAs£«50»riES®5 5 Sr^g^-TS. 
[00301 »:l^pMGa As»K5 OW^MttSrffiV^ 

Tf^fflUTv^^s, :L<Dmi-±mM^^mt vx-f-^r^T 

5^SS:?^^5J=tt*Jfe09 1 J; 5 {'-^ 7 r-f r»« i 

%^^^*UT*^fe, m:^ffS i O2. T i 02(D± p7i 

[00 3 1] 
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[00 321 ^^(Omtl^^^^i^LB D HBl 6 {^.T^-f i 
5 1 p 1!® 6 4 <?5«ffi<0»aiJ^Bt::*S:Sii-t-5I®ffi 
6 5*5?gfig;$^^•CV^fc„ cmipS!S©«»l;6^je:*s!5t- 

0%Ui±*SKi|3l$n-CVv7t. b*»L^:«?g<D^^{c±5 
i a 4 *5 5 J: 5 IwiSeSCft n 1!S 2 1 ;6Sft 

v\ 

[EBD<OjB!¥;tcSttl^l 

[Bill *«e^ro:^jfe<^-xeSrSiWi-5S'ft:^¥m 
[0 2 1 *:^lfl<7):^fe<o— XSSr^W-f-?>^-fli!Kji|i^ 
[031 *«W«>:!&ffi<^— XgSrIttW-r 5 ^-ft^Jili* 

[04 1 :^^m<o~mmmK^imm^mi^m'i-<D 
[0 51 7^mm(oieL(r>mmw\m^^^m^mi^m^ 
m 6 1 %m<7^m.^m^mtm^m^<omm^^m 

^^ffi0o 

[if?#«)SiMl 

1 • • • • f-7ri'TS« 

2 • • • • 

2 1 • • • • nSlS 
2 2 • • • • 

2 3 ■ • • • p^ 

30 • • • • H— W:^— S s'^'a® 

4 0 • • • • MS—n:^—^ •yi'WSt 
50 ... . pMGa A sStS 

2 5 • • • • 

5 5 • • • • E«S 



[01] 



[031 



